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大弹涂鱼仔稚鱼和早期幼鱼的消化酶活性
吴仁协 , 　洪万树 , 　张其永 , 　陈仕玺 , 　王　琼
(厦门大学海洋与环境学院 , 福建 厦门　361005)
摘要:采用酶学分析的方法 , 研究了大弹涂鱼前期仔鱼 、后期仔鱼 、稚鱼和早期幼鱼发育过程中胰腺酶 、肠酶和
胃蛋白酶活性的变化。结果表明 ,(1)4 种胰腺酶(淀粉酶 、胰蛋白酶 、糜蛋白酶和羧肽酶 A)和 8 种肠酶(麦芽糖
酶 、蔗糖酶 、乳糖酶 、海藻糖酶 、纤维二糖酶 、碱性磷酸酶 、氨基肽酶和γ-谷氨酰转肽酶)的比活力均在仔鱼期较
高 ,稚鱼期降至最低 , 早期幼鱼则急剧上升 ,而每尾鱼酶的总活力却随着幼体的发育而逐渐增加;(2)胃蛋白酶
活性在后期仔鱼才开始检测到 ,此后一直呈显著上升趋势;(3)早期幼鱼肠部位的 4种胰腺酶活性分别占其酶
总活性的百分比均显著高于稚鱼期;(4)稚鱼期仅 3种肠酶(麦芽糖酶 、纤维二糖酶和γ-谷氨酰转肽酶)高度富
积在肠刷状缘膜上 ,而早期幼鱼除蔗糖酶外的 7 种肠酶在肠刷状缘膜上的富集系数均大于 5.1。由此得出结




Digestive enzyme activities in larval , juvenile and early
young fish of Boleophthalmus pectinirostris
WU Ren-xie , HONG Wan-shu , ZHANG Qi-yong , CHEN Shi-xi , WANG Qiong
(College of Oceanography and Environmental Science , Xiamen University , Xiamen　361005 , China)
Abstract:The mudskipper Boleophthalmus pectinirostris is a commercially important fish in China.At present , this species is widely
farmed in the southeastern coastal waters of China.Studies have been focused on early development and larval rearing.Early larval
feeding habits have been documented.However , little is known about the digestive enzymes at the early stage of Boleophthalmus
pectinirostris.The purpose of this study was to investigate the digestive enzyme activities of this species in order to know its nutritional
requirements and establish the feeding protocols for optimizing larval mass rearing production.Changes of pancreatic , intestinal
enzymes and pepsin activities in prelarva , postlarva , juvenile and early young fish of Boleophthalmus pectinirostris were investigated by
means of enzyme analyses.In order to obtain pancreatic segment(PS)and intestinal segment(IS), juvenile and early young fish
were cut into four parts:head , PS , IS and tail.The intestinal segments were homogenized to purify intestinal brush border membranes
(BBM).The secretion levels of pancreatic enzymes were expressed as percentages of the segmental activity in the IS related to total
activity(PS + IS).The establishment of an efficient intestinal BBM digestion represents the adult mode of digestion by enterocytes.
And the degree of purified intestinal BBM was estimated by the enrichment factors and the activities of the intestinal enzymes.The
results of this study show that the specific activities of four pancreatic enzymes (amylase , trypsin , chymotrypsin and
carboxypeptidaseA) and eight intestinal enzymes (maltase , sucrase , luctase , trehalase , cellobiase , alkaline phosphatase ,
aminopeptidase andγ-glutamyltr anspeptidase)are higher in the larval stage , decrease to the lowest levels in the juvenile stage , and
increase rapidly in the early young stage.However , the total enzyme activities of individual increase with the development of larvae.
Pepsin is initially detected in the postlarval stage , and then it continuously increases rapidly.The percentages of four pancreatic
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enzymes activities accounting for the total activities are significantly higher in the early young fish than in the juvenile in the intestinal
segment.Only three enzymes (maltase , cellobiase and γ-glutamyltranspeptidase) are highly enriched in the intestinal brush border
membranes in the juvenile.However , enrichment factors of seven intestinal enzymes in intestinal brush border membranes of the early
young fish are all above 5.1 except for sucrase.In conclusion , in the larval stage , protein digestion depends on pancreatic enzymes;
and when the larvae develope into the juvenile stage , pepsin plays an important role in protein digestion.The complete achievement of
the secretion mechanisms of pancreas and maturation of enterocytes in the early young fish indicate the formation of an adult fish mode
of digestion.




种类中已有研究报道 , 如条纹石 (Morone
saxatilis)、舌齿鲈(Dicentrarchus labrax)、塞内加尔
鳎 (Solea senegalensis )、 狭 鳕 (Theragra
chalcogramma)、金头鲷(Sparus aurata)和大黄鱼






化系统的成熟时间[ 7 ,8] ,这在许多海水鱼类中已得
































0 ～ 4 ℃于解剖镜下将其切成 4部分:头部(H)、胰
腺部(PS)、肠部(IS)和尾部(T)(图 1),去除头部和
尾部 ,保留胰腺部和肠部 。分别向仔鱼整体和稚
鱼及早期幼鱼的胰腺部加适量 4 ℃冰冷双蒸水 ,
高速组织匀浆机(Polytron , PT-MR 2100)匀浆 ,离




Fig.1　Dissection of the head(H),
pancreatic segment(PS), intestinal segment(IS)
and tail(T)in the juvenile of
Boleophthalmus pectinirostris
　　分别向稚鱼和早期幼鱼的肠部加适量浓度为
50 mmol·L-1的冰冷甘露醇溶液(2 mmol·L-1 Tris-
HCl缓冲液配制 , pH 7.1)进行匀浆 ,离心 10 min
(2 ℃、3 300×g),取上清液 ,即肠粗酶液 ,用于酶
活力测定和制备肠刷状缘膜 。用 CaCl2 沉淀方法
制备肠刷状缘膜[ 15] :向部分肠粗酶液中加入





冰浴中静置 15min ,离心10 min(2 ℃、9 000×g)→
弃沉淀物 ,收集上清液→离心 20 min(2 ℃、43 000
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×g),弃上清液 ,收集沉淀物→将沉淀物悬浮于 50
mmol·L-1的甘露醇溶液(2 mmol·L-1 Tris-HCl 缓
冲液配制 , pH 7.1)中→离心 20 min(2 ℃、43 000
×g),弃上清液 ,收集沉淀物)→悬浮于甘露醇溶




胃蛋白酶[ 16] 、胰蛋白酶和糜蛋白酶[ 17] 、羧肽酶
A
[ 18] 、碱性磷酸酶[ 19] 、氨基肽酶和 γ-谷氨酰转肽

























用 SPSS 11.0 统计软件进行单因素方差分析 ,检





酶 、糜蛋白酶和羧肽酶 A等 4种胰腺酶的活性 ,而





酶活性以每尾鱼酶的总活力表示时 , 4 种胰腺酶
活性均随着幼体的发育而逐渐增加 ,与早期幼鱼
相比 ,仔鱼期 4 种胰腺酶和胃蛋白酶的活性显得
较为微弱(表 2)。在后期仔鱼才检测到微弱的胃
蛋白酶活性 ,而后一直呈显著上升趋势(表 1 ,表
2)。从后期仔鱼到稚鱼 ,胃蛋白酶比活力显著增
加的同时 ,伴随着胰腺酶比活力的显著下降(表





Tab.1　The specific activities of pancreatic enzymes and pepsin of Boleophthalmus pectinirostris
at different developmental stages mU·mg-1 protein
淀粉酶 amylase 胰蛋白酶 trysin 糜蛋白酶 chymotrysin 羧肽酶A carboxy-peptidase A 胃蛋白酶 pepsin
前期仔鱼
prelarvae
171.7±9.5c 16.4±2.5b 54.9±7.4b 68.7±5.1c -
后期仔鱼
postlarvae
360.1±26.5b 27.3±0.7a 79.3±7.6a 95.5±7.1a 1.9±0.2c
稚鱼
juvenile
90.0±4.0c 10.8±1.8c 28.8±1.7c 55.8±4.2d 11.2±1.0b
早期幼鱼
early young fish 2 563.6±197.9
a 19.2±1.2b 51.3±3.3b 81.7±3.0b 25.8±0.7a
　　注:-表示没有检测到酶活性。表中同一列右上角标有不同英文字母的表示差异显著(P<0.05 , mU=10-3U)




Tab.2　The total activities of pancreatic enzymes and pepsin per individual of Boleophthalmus pectinirostris
at different developmental stages total mU·ind-1
淀粉酶 amylase 胰蛋白酶 trypsin 糜蛋白酶 chymotrypsin 羧肽酶 A carboxy-peptidase A 胃蛋白酶 pepsin
前期仔鱼
prelarvae 0.05±0.01
b 3.0±0.2c 16.2±2.2c 20.3±1.5c -
后期仔鱼
postlarve 0.15±0.01
b 11.3±0.2c 31.2±2.9c 43.2±3.0c 0.006±0.001c
稚鱼
juvenile 1.40±0.06
b 246.9±9.2b 446.2±27.6b 846.4±67.7b 0.18±0.01b
早期幼鱼
early young fish
46.91±3.13a 772.9±62.8a 684.7±138.3a 2 719.2±188.1a 1.33±0.06a
　　注:-表示没有检测到酶活性。表中同一列右上角标有不同英文字母的表示差异显著(P<0.05 , mU=10-3U)
　　Notes:- indicates that enzyme activit ies were undetected.Values with different superscript letters in the same column mean significant differences
(P<0.05 , mU=10-3U)
图 2　大弹涂鱼稚 、早期幼鱼肠部位 4 种胰腺酶活性
分别占其酶总活性(胰腺部+肠部位)的百分比
Fig.2　Percent age of four pancreatic enzymes activities
in intestinal segment(IS)account for the total enzyme
activity(PS+IS)respectively in the juvenile and
early young fish of Boleophthalmus pectinirostris
酶活性以每尾鱼胰腺部或肠部酶的总活力表示 , 图中数值标
有不同英文字母的表示差异著(P<0.05)
Enzyme activities were expressed as total act ivity per fish in
intest inal or pancreatic segment (total U·segment -1), values with










体的发育而逐渐增加 ,与早期幼鱼相比 ,仔鱼期 8
种肠酶的活性显得较为微弱(表 4)。稚鱼和早期
幼鱼的肠刷状缘膜均检测不到乳糖酶的活性(表
5)。除乳糖酶外 ,早期幼鱼 7 种肠酶在肠刷状缘
膜上的比活力均显著高于稚鱼(P <0.05)。稚鱼































56.9±5.2a 13.3±1.8b 5.2±0.4b 15.4±1.4c 10.3±1.3b 80.3±5.1a 30.3±1.4b 2.5±0.3b
后期仔鱼
postlarvee 54.2±7.0
a 9.6±1.7bc 2.3±0.4c 21.4±3.8b 2.2±0.5c 82.6±4.6a 43.8±2.9a 3.8±0.3a
稚鱼
juvenile 22.8±3.5
b 6.9±1.0c 1.8±0.5c 14.0±2.4c 1.4±0.3c 21.7±1.9b 16.7±0.8c 1.1±0.1c
早期幼鱼
early young fish 59.0±6.5
a 52.1±6.8a 18.5±2.2a 66.8±2.0a 138.0±6.2a 87.0±4.0a 45.1±1.7a 4.0±0.4a
　　注:表中同一列右上角标有不同英文字母的表示有显著差异(P<0.05 , mU=10-3U)
　　Notes:Values with different superscript let ters in the s ame column mean significant differences(P<0.05 , mU=10-3U)
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表 4　大弹涂鱼仔稚鱼和早期幼鱼每尾鱼肠酶的总活力
Tab.4　The total activities of intestinal enzymes per individual of Boleophthalmus pectinirostris






















c 4.0±0.5c 2.0±0.2c 4.9±0.3c 3.2±0.3c 23.4±1.2c 6.6±0.3c 0.8±0.1c
后期仔鱼
postlarvae 33.0±4.4
c 4.8±0.1c 3.5±0.2c 11.5±2.0c 4.4±0.3c 36.9±1.8c 16.8±3.5c 2.8±1.0c
稚鱼
juvenile
293.2±44.5b 88.6±12.6b 22.9±5.8b 179.9±30.8b 17.7±4.0b 279.6±23.4b 215.3±10.2b 14.6±1.8b
早期幼鱼
early young fish
813.2±102.9a 795.7±107.4a 294.5±34.7a 1061.3±31.5a 2034.6±99.0a 1 319.6±63.1a 652.5±27.2a 30.4±3.0a
　　注:表中同一列右上角标有不同英文字母的表示有显著差异(P<0.05 , mU=10-3U)
　　Notes:Values with different superscript let ters in the s ame column mean significant differences(P<0.05 , mU=10-3U)
表 5　大弹涂鱼稚鱼和早期幼鱼的肠酶在肠刷状缘膜上的比活力和富集系数
Tab.5　Specific activities and enrichment factors of intestinal enzymes in the intestinal brush border membranes of juvenile






















































　　Notes:- indicates that enzyme activities were undetected.Values with different superscript letters in the same column meansignificant differences










等[ 1 ,3 ,5 ,25 , 26] 。
　　大弹涂鱼胰腺酶和肠酶比活力的变化模式相









































数为 5.2 ～ 11.4 ,与其它鱼类的肠刷状缘膜酶相
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